SCOTT D. WHITING
DUGONGS (Dugong dugon) are large mammalian herbivores found in tropical and sub-tropical waters from the east coast of Africa to Vanuatu in the western Pacific Ocean (Rice 1998) . Foraging studies throughout their range indicate that their diet is dominated by seagrass (Marsh et al. 1982; Preen 1995; Preen and Marsh 1995; Anderson 1998; Das and Dey 1999) . Aerial surveys (Marsh and Saalfeld, 1989; Preen et al. 1997) , land-based and boat-based observations (Anderson 1982 (Anderson 1994 Aragones 1994) and satellite tracking data (Marsh and Rathbun 1990) indicate that dugong distribution is closely associated with seagrass beds. Algae is known to occur in food samples from dugongs (Heinsohn and Birch 1972; Marsh et al. 1982; Erftemeijer 1994; Preen 1995) but its presence in the diet has been described as incidental (Marsh et al. 1982) or linked to large-scale losses of seagrass (Spain and Heinsohn 1973; Marsh et al. 1982; Preen and Marsh 1995) . This note contains opportunistic observations of long-term feeding by D. dugon on algal covered rocky reefs in the Darwin region of the Northern Territory.
Dugong dugon were observed at two locations near Darwin, Northern Territory, Australia (Fig. 1 Whiting (1997) . The benthic habitat, at each site where D. dugon were regularly observed was examined at low tide for possible food sources. At Channel Island, a combination of searches of the areas, specimen collections, and previous Environmental Impact Studies (Caldwell Connell Engineers 1983; Dames and Moore Pty Ltd 1997) were use to identify possible food sources. Infrared aerial photographs were used to estimate the extent of the intertidal vegetation. At Fog Bay, specimen collections, observations and previous benthic studies (Whiting 2000) were used to identify possible food items.
A total of 39 D. dugon were observed on 22 of the 49 visits (45%) to the Channel Island Bridge between May 1998 and April 2001. One D. dugon was observed nine times, two D. dugon nine times and three D. dugon four times. Photographic identification of individuals was not conclusive and therefore sightings from different days probably contained the same individuals. D. dugon were observed during most months of the year (Table 1) . When more than one D. dugon occurred at Channel Island at the same time they used different parts of the reef and usually arrived and departed the area at different times. On one occasion, one D. dugon was seen and heard from the Channel Island Bridge during a moonlit night following observations of D. dugon in the area earlier that day. Anecdotalinformation from fishers on the bridge and from a former employee on Channel Island (M. Mitchie, pers. comm) indicate that D. dugon have visited the area for at least 7 years. In Fog Bay, a total of 22 D. dugon sightings were made over the five year period. Sixteen were observed in shallow water in the intertidal region (water depth < 1.5 m). Of these, five were found on top of the reef flat (water depth < 0.8 m), ten were found on the reef slope and one was found over sand flats that contained algae. Six D. dugon were observed in the subtidal region in water depths of less than 5 m. Two of these were over sand flats and four were over rocky reefs.
Dugong dugon at both study sites displayed foraging behaviour. This involved repeatedly diving on small patches of substrate for extended periods, holding position in strong currents and displaying extended dive times (Whiting in prep.) . At Channel Island, they regularly occurred in the same area in the intertidal region and would remain there for long periods; usually between 30 and 120 min. Most would dive continually in one area for over 30 min before relocating to another area close by. Only two of the 39 D. dugon were recorded as transiting through the area. These D. dugon showed more frequent and shallow diving behaviour and travelled quickly in one direction through the observation area. In May 1998, one D. dugon was observed in < 1 m of water swimming quickly with the flooding tide. After passing over a patch of algae comprising Sargassum spp., Padina spp and Turbinaria spp., it stopped and returned to the patch where it remained for over 40 min. Areas where dugongs displayed foraging behaviour in the intertidal zone coincided with patches of macro-algae. These patches of algae were associated with depressions in the reef that held water at low tide. The most direct evidence that D. dugon forage on algae came from an observation in Fog Bay. In June 1999, a D. dugon grazed for > 2 hr on algae growing on rocky reef in the intertidal zone. Initially the D. dugon was found in clear water at a depth of less than 0.6 m, just as the tide had began to rise, and stayed on the reef until the water was turbid from the incoming tide and over 2 m deep. While in shallow water, this D. dugon was approached on foot to within 3 m of the tail fluke where the feeding action could clearly be seen. The vegetation in this area comprised the large macro-algae including Sargassum spp. and Turbinaria spp as well as low biomass forms of the turfing genera Gracilaria, Laurencia and Gelidiella. There was no seagrass in the area. A second D. dugon was observed in the area, but stayed in deeper water off the reef edge and only came on to the reef when the water was over 2 m deep. Similar observations were made in Fog Bay in May 1996 and June 1997 when a D. dugon, orientated head first into the incoming tidal current, foraged in 0.5 m of water on top of the reef flat. Discussions with members of the local aboriginal community indicate that D. dugon in this area are regularly found on the reef flat.
At both locations the substrate where D. dugon were sighted was composed of ironstone rocky reef. At Channel Island, no soft sediment or seagrass, usually associated with D. dugon foraging habitat, occurred in the area of activity. An infra-red aerial photograph taken in September 1999, showed that the area used by D. dugon coincided with the area with the highest reflectance of all the intertidal areas in the region. Onground observations identified the marine biota in this area as macroalgae that included the genera Sargassum, Turbinaria, Padina, Caulerpa, Ulva and Dictyota. Smaller, low biomass genera included Laurencia, Gracillaria and Gelidiella. Sponges, hard and soft corals became more abundant in the lower intertidal zone. Environmental Impact Studies around Channel Island in 1983 and 1996 confirmed my observations that seagrass occurred neither intertidally nor subtidally in this region (Caldwell Connell Engineers 1983; Dames and Moore Pty Ltd 1997). Caldwell Connell Engineers (1983) identified benthic organisms from 26 sites around Channel Island but did not locate any seagrass. Similarly, Dames and Moore Pty Ltd (1997) failed to find seagrass from three sites around Channel Island. At Fog Bay, the intertidal habitat where D. dugon were observed was composed of ironstone rocky reef and was dominated by algae. Large macro-algal genera included Sargassum, Turbinaria and Padina while smaller turfing genera included Gracilaria, Laurencia and Gelidiella. No seagrass was found in these areas. Extensive searches of neighbouring intertidal areas revealed only small patches of seagrass that were represented by several blades of Thalassia hemprichii. One sparse patch Halodule uninervis and another patch of Halophila ovalis occurred on sandy areas in the low intertidal zone and covered areas less than 1 m 2 each. Seagrass was not present in any of the 108 quadrats (each 0.04 m 2 ) sampled (three intertidal zones and four seasons) during an intensive study of intertidal reef in this area (Whiting 2000) . No large areas of seagrass have been recorded in the subtidal region of Darwin during extensive broad-scale sampling by The Parks and Wildlife Commission of the Northern Territory (Neil Smit, pers. comm.).
Regular sightings of D. dugon at Channel Island, Darwin Harbour and at Fog Bay, indicate that algalcovered rocky reefs may represent foraging habitat for dugongs in the Darwin region. Speculation that dugongs feed on intertidal algae on a regular basis has been supported by direct observations and their regular appearance on algal-covered intertidal reef flats at high tide. Whether algae forms a minor part of their diet or is in response to a lack of seagrass remains unanswered and will form the basis of further investigation. This note describes novel habitat use by D. dugon and therefore raises the concern that these rocky reefs may be overlooked when preserving habitats for D. dugon conservation in the Darwin region. Protection of D. dugon habitat usually centres around seagrass beds, but this habitat may cover only part of their essential needs in this region. In addition, transit areas needed for D. dugon to travel between foraging areas must be considered with any management plans for the region.
For Darwin Harbour, with urban development continually expanding and placing more pressure on the harbour, better knowledge of habitat use by D. dugon is needed to help protect them from existing and potential threats such as habitat loss, boat strike and chemical and noise pollution. Further research will employ aerial surveys and satellite tracking of D. dugon to identify their daily and seasonal activity.
Food samples from beach-washed specimens and samples supplied by aboriginal communities will attempt to identify important food items of D. dugon in the Darwin region.
